Imaging the Seascapes of the Mediterranean
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he Mediterranean Sea is a relative newcomer to Earth's landscape. Due to its complex tectonic history, this mid-latitude sea is composed of a cluster of basins.
Their seascape is in most cases dominated by geologically young structures, but also by sedimentary processes. Among the latter, sedimentary processes related to the dynamics of the largest rivers in the Mediterranean (Ebro, Rhône, Po, Danube, and Nile) stand out. This overview article illustrates the main sedimentary processes and their products contributing to shape the Mediterranean seascape within a source-tosink approach. To highlight this approach, this article mainly focuses on one of the EUROSTRATAFORM project study areas: the northwestern Mediterranean. (2003) . Th e Mediterranean Sea is composed of several individual basins. Th e hypsographic curves for these basins tell us about the morphogenetic processes that have shaped them. Color bars represent the distribution of the areas at 500 m depth intervals, and white dots illustrate the depth cumulative curves. As we observe in the hypsographic curves, we can group the Mediterranean basins into: (a) Shelf basins, with depths usually less than 500 m (Adriatic Sea, Aegean Sea, Marmara Sea, Strait of Sicily); (b) Margin-dominated basins, with a balanced areal distribution of continental shelf, slope, rise, and abyssal plain sections (western Mediterranean basins in general, and the Black Sea); (c) Deep basins, predominated by abyssal plains (Tyrrhenian Sea, Ionian Sea, and Levantine Basin). Th e physiographic distribution of each basin mainly results from the interplay between tectonic and sedimentary evolution processes. Th e whole Mediterranean hypsographic curve shows an overall balanced distribution of the main submarine physiographic provinces. Bold black lines show the location of the topographic profi les (Figure 2 ) along the main river systems, from their catchment areas to the deeper parts of the associated submarine continental margins. EbR: Ebro River; RoR: Rhône River; PoR: Po River; DaR: Danube River; NiR: Nile River. Quaternary lowstands (i.e., the Last Glacial Maximum lowstand) (Berné et al., 1999) . Other canyons originated through retrogressive slides, independent of former features in the shelf (Alonso et al., 1991; Pratson, 1996; Berné et al., 1999) and some are related to faults or salt-tectonics. The shape and dimension of canyons differ substantially from each other.
There are canyons deeply incised into the continental shelf, others restricted to the slope, others sinuously shaped, and some with roughly linear morphologies.
Mediterranean canyons can be hundreds of kilometers long, several kilometers wide, up to 800 m incised into the slope and with gradients of over 20 degrees on Currently, multibeam echosounders are acquiring unprecedented highly detailed seafloor images.
As a consequence, our knowledge of seafloor sculpting processes is improving rapidly. Map showing a reconstruction of the Holocene evolution of the Ebro delta lobes based on correlation between well logs, highresolution seismic profi les, electric subsurface conductivity maps, and historical data (modifi ed from Somoza et al., 1998) . Th e Ebro prodelta is made of several lobate sedimentary wedges surrounding the subaerial delta, which result from the migration and stacking of former deltaic lobes. (c) Well-log correlation of Holocene sedimentary units beneath the Ebro delta plain. Deposits in black are aggradational (marine clay wedges, inland peats), whereas those with colors are progradational deltaic deposits. Th e latter units consist of sandy delta-front facies with clinoforms grading seawards into prodeltaic grey silts, and landwards into delta plain red silts and pebbly sands (modifi ed from Somoza et al., 1998) . Th e modern Ebro delta consists, therefore, of transgressive and highstand deposits accumulated during the Holocene (10,000 years ago to present). Th e overall stacking pattern of this Mediterranean delta is progradational. Mediterranean, large depocenters are also observed. Of these, the Rhône Fan is the largest, with a maximum width of over 90 km ( Figure 5 ) (Droz and Bellaiche, 1985) .
Slope instability is also a major process mobilizing sediment from the continental slope, even from the shelf edge or further downslope, to the deeper parts of the continental margin. These mass-wasting events can transport huge amounts of sediment and reshape the seafl oor very quickly when compared to other previously mentioned processes.
In the Mediterranean Sea, numerous mass-movement deposits have been identifi ed. Among these, the BIG'95 submarine landslide is prominent ( Figure   6 ), with a 26 km 3 deposit covering 2000 km 2 of the Ebro continental slope and base of slope (Lastras et al., 2002) . The occurrence of this event has been dated using sediment cores, giving an age of Figure 5 . Distal part of the Rhone deep-sea fan. Th is image has been obtained by extracting the depth of a planar surface representing the regional slope, from the actual bathymetric Digital Terrain Model. Th e meandering channel formed levees by overspilling of turbidity currents, that jointly with overall vertical aggradation of the systems made the channel increasingly hanging with respect to the surrounding environment through time. Breaching of one levee (avulsion point marked by an arrow) led to the formation of a new channel that fed the Rhone neofan from the end of the last glacial period onwards. Note several abandoned channels to the south, forming some kind of "bird-foot" pattern similar to those observed in river dominated deltas. Also note the northeast-southwest trending escarpment, formed by salt tectonism associated with the underlying Messinian deposits. Source: multibeam data from Ifremer's "CALMAR" (Berné et al., 1999) debris-fl ow deposits have been described (Droz et al., 2001) . 
CONCLUDING REMARKS
The submarine morphology of ocean basins and margins discussed here illustrate the processes that have generated it. The analysis of the seascape, combined with sub-seafl oor studies, is necessary to understand the mechanisms of continental margin evolution. Currently, multibeam echosounders are acquiring unprecedented highly detailed seafl oor images. As a consequence, our knowledge of seafl oor sculpting processes is improving rapidly.
The present seascape of Mediterranean basins is mainly controlled by neo- Figure 6 . Seafl oor-backscatter data are used to image the product of one of the youngest major mass-wasting events in the Northwest Mediterranean Sea: a 26 km 3 debris-fl ow deposit that covers 2,000 km 2 of the Ebro continental slope and base-of-slope off shore eastern Iberian Peninsula. Th is combined backscatter (green: highest backscatter; purple and blue: lowest backscatter) and shaded relief map of the BIG'95 debris fl ow area (contours every 50 m) shows a pattern of low-backscatter patches representing large sediment blocks that moved while keeping their internal coherence, and high-backscatter alignments restricted to topographic lows that represent coarse sediment pathways amongst the blocks. A: headwall; B to E: secondary scars; Bl: debris blocks; Ap: apron; Ch: canyon-channel system. Flow lines are also labelled. Northwest-trending striping is an acquisition artifact. Modifi ed from Lastras et al. (2002) .
tectonic processes and fl uvio-sedimentary systems. Among the latter, the deposits and sediment bypass structures related to the activity and inputs of the largest rivers stand out. Because of its geographic and geologic variability, the Mediterranean may be used as an almost perfect laboratory for studying landscaping processes on submarine environments. Figure 7 . Th ree-dimensional view of the Valencia Channel. Th is shaded relief image is generated by multibeam data acquired during University of Barcelona's "Marinada" and "BIG-95" cruises. Vertical scale is magnifi ed 12 times. Th e Valencia Channel is a deepsea channel more than 400 km long that ranges from 2,000 m to 2,500 m in depth. It runs parallel to the northeastern Iberian margin, collecting sediment from the Ebro turbidite system channels, from the canyon systems eroded into the Catalan margin, and from large unconfi ned mass-wasting events (i.e., the BIG'95 debris fl ow). Note the connection of these tributary systems with the Valencia Channel. Th is drainage system leads into the Valencia fan, at the northernmost part of the Algerian-Balearic abyssal plain. On a global scale, deep-sea channels are less common than other types of sea valleys, such as canyons, turbiditic channels, or slope gullies. VC: Valencia Channel; FC: Foix Canyon; BeC: Besós Canyon; AC: Arenys Canyon; BlC: Blanes Canyon; BDF: BIG'95 Debris Flow.
